OBJECTIVE: Evidence of increased apoptosis is observed in periodontitis, and may be associated with destruction of the periodontal tissue caused by the increased cell death, with the release of danger signals and subsequent stimulation of the proinflammatory processes. However, the exact mechanisms associated with these processes remain unclear. This study aimed to investigate the presence of the periodontal pathogen Treponema denticola, apoptosis, High Mobility Group Box1 as a damage-associated molecular pattern and several inflammatory markers in periodontitis and gingivitis subjects.
Introduction
Periodontitis is an inflammatory disorder of bacterial origin that leads to destruction of soft and hard periodontal tissues and subsequently leading to tooth loss Sorsa et al, 2006) . This disease is induced by a limited number of bacteria found in the subgingival biofilm. In this study, we focused on Treponema denticola, which represents one of the most important pathogen in periodontitis. As a matter of fact, T. denticola has been strongly associated with the severity of periodontitis (Riviere et al, 1997; Sela, 2001) . T. denticola adheres to the host tissue and expresses a chymotrypsin-like proteinase (CTLP), which can degrade various structural proteins of the gingiva. Consequently, T. denticola can penetrate into the periodontal tissue where it activates inflammatory cells and releases cytopathic and hemolytic factors which can aggravate the tissue destruction (Fenno and McBride, 1998; Fenno, 2012) . T. denticola is also designated as a pathobiont taking a role in the destructive inflammatory responses after homeostasis has already disrupted (Hajishengallis, 2014) .
Periodontal pathogens are capable of causing massive destruction directly by invading the tissue and producing damaging substances (Taichman and Lindhe, 1990) . A set of molecules derived from pathogens, known as pathogen-associated molecular patterns (PAMPs), recognized by host inflammatory cells via Pattern Recognition Receptors (PRRs) such as Toll-like receptors (TLRs), can induce inflammatory responses. This response may also contribute to tissue destruction. In addition to periodontal pathogens, some cell-derived molecules can also react as danger signals and activate inflammatory responses. Such molecules are termed as endogenous damage-associated molecular patterns (DAMPs) or alarmins, and these molecules primarily play a role in normal cell functions (Calogero et al, 1999) . During cellular damage, they can act as proinflammatory cytokines, activate PRRs, and stimulate inflammatory response (Tang et al, 2012) .
High mobility group box 1 (HMGB1) is an endogenous molecule which normally facilitates cell transcription, but can also act as a DAMP (Yamada and Maruyama, 2007) . It can be released during cellular stress mainly after infection or cell necrosis/apoptosis (Qin et al, 2006; Tang et al, 2012) . HMGB1, as a DAMP, can recruit inflammatory cells and promote the secretion of proinflammatory cytokines. This multimolecular up-regulated cascade is mediated by several receptors, some of those shared with PAMPs (Kang et al, 2014) . The most common HMGB1 receptors are RAGE, TLR2, TLR4, and TLR9 (Park et al, 2006) .
Evidence suggests that apoptosis and necrosis might play a significant role in the development of chronic inflammatory process and are associated with tissue destruction in periodontitis (Bantel et al, 2005; Abuhussein et al, 2013; Tunali et al, 2014) . Although some apoptosis could occur in the clinically healthy gingiva, especially in the junctional epithelium, a phenomenon that may play a role in the regulation of mucosal inflammation for the maintenance of homoeostasis, increased apoptosis and reduced proliferation observed in the deepest sulcular pocket and most apical part of the pocket might be an essential factor in progression of periodontitis (Tonetti et al, 1998; Jarnbring et al, 2002) . Periodontopathogens are associated with cell apoptosis and necrosis with concomitant activation of the immune system (Uitto et al, 1995; Leung et al, 2002; Kelk et al, 2011) . The various inflammatory processes could also drive surrounding tissue cells, granulocytes and macrophages to apoptosis and thus increase and maintain the inflammation (Haanen and Vermes, 1995) .
The release of proinflammatory cytokines and DAMPs by necrotic cells can induce apoptosis and the subsequent increase of the apoptotic cells could lead to secondary necrosis in periodontitis as reported in some other inflammatory diseases (Qin et al, 2006; . However, the exact mechanisms how apoptosis might cause the inflammation and destruction in periodontitis remain unclear.
We aimed to determine the presence of several markers associated with T. denticola, apoptosis, HMGB1, and proinflammatory cytokines and cells in gingival tissue specimens from periodontitis patients in comparison with specimens from gingivitis patients. We hypothesized that there is an association between these factors and the inflammatory process in periodontitis which could be driven by HMGB1.
Materials and Methods

Patients and samples
Biopsy samples from patients with periodontitis (n=10; age range 38-76, mean 54,0 years; 5 males and 5 female, 9 Finnish and 1 Indonesian) or gingivitis (n=5; age range 19-23, mean 20,4 years; 4 males and 1 female, 5 Indonesian) were used. Periodontitis was diagnosed by clinical analysis of pocket depths, loss of attachment, bone loss, and bleeding on probing. The periodontitis patients had radiographic evidence for bone loss of 20-50% on many teeth and loss of attachments ranging from 4-6 mm. Periodontitis samples were obtained from premolar-molar regions during flap surgery of the initial periodontal therapy. The patients did not receive any antimicrobial therapy or professional periodontal treatment to the sampling area prior to operation (Rautemaa et al, 2004) . Gingivitis was defined with the presence of redness, swelling, and bleeding on probing (Gölz et al, 2014) . Gingivitis samples for this study were obtained from patient with gingival index < 2 and probing depth < 4 mm, showing no supporting tissue destruction and recovered during gingivectomy in the case of gingival enlargement in premolar, canine, or incisor site. All procedures were done under local anesthesia. All samples were formalin-fixed and paraffin-embedded (FFPE). Tissue sections were evaluated by oral pathologists. Periodontitis tissue samples contained the oral, sulcular, and junctional epithelium and beneath that the lamina propria and gingivitis tissue samples contained the oral and sulcular epithelium and the lamina propria. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethical Committees of Institute of Dentistry, University of Helsinki (Järvensivu et al, 2004 , Rautemaa et al, 2004 and Faculty of Dentistry, Universitas Gadjah Mada, Indonesia. All participants gave their informed consent after they were explained about the study protocol.
Immunostaining
All antibodies used were commercially available except T. denticola CTLP antibody ( Supplementary Table  1 ). T. denticola CTLP antibody was prepared as follows. The protease was first purified from an extract obtained by sonication of T. denticola ATCC 35405 cells as done by Uitto et al (1988) and then used to immunize a New Zealand white rabbit (Grenier et al, 1990) . The immunoglobulin G (IgG) fraction was purified by passing the antiserum through a column of protein A-Sepharose CL 4B (Sigma Chemical Co., St.
Louis, Mo.), eluted with 0.1 M glycine-0.5 M NaCl buffer (pH 2.5), and dialyzed against 50 mM PBS.
All FFPE tissue samples were cut into 4 µm sections. The method for immunofluorescence staining of caspase-3, HMGB1, TLR-4, CD-68, CD-8, mast cell tryptase (MCT) and immunohistochemistry of TLR-4, IL-1β, and IL-8 were done according to previous protocols (Al-Samadi et al, 2014) . The immunohistochemistry staining method of T. denticola CTLP was modified from Järvensivu et al (2004) . Briefly, tissue sections were deparaffinized in citrate buffer using a microwave oven (MicroMED T⁄T Mega Histoprocessing Labstation;
Milestone Srl, Sorisole, Italy) and then incubated with 0.3% H2O2 in PBS for 30 min. After three washes with PBS, slides were incubated in appropriate normal serum (1:50 in 2% PBS-BSA) provided in the staining kit (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, CA, USA) for 1 h at room temperature (RT).
Next, the sections were incubated with the purified T. denticola CTLP antibody (1:3000 in 1% PBS-BSA) for 30 min at 37°C and then kept overnight at 4°C in a humid chamber. After three washes, the sections were incubated with the corresponding biotinylated secondary antibody (1:200 in 0.1% PBS-BSA) for 30 min at 37°C. After washes in PBS, slides were incubated in avidin-biotin-peroxidase complex for 30 min at 37°C and color was developed using 0.006% H2O2 substrate and 0.023% 3,3'-diaminobenzidine tetrahydrochloride (DAB) chromogen for 10 min at RT. The slides were washed with tap water and nuclei were counterstained with Mayer's hematoxylin for 4 min, and then rinsed with tap water. Finally, slides were dehydrated and mounted with Pertex (HistoLab, Gothenburg, Sweden). Negative controls were performed with non-immune species specific IgGs and for pathogen markers by omitting the primary antibody. T. denticola CTLP staining method and sensitivity were done according to previous studies (Marttila et al, 2014) . T. denticola was detected by identifying the presence of CTLP intracellularly in the epithelium and extracellularly in the lamina propria.
TUNEL Staining
Terminal TdT-mediated dUTP-biotin nick end labeling (TUNEL) method assessed the presence of deathassociated DNA fragmentation in situ and was performed using DeadEnd Colorimetric TUNEL System kit (Promega®Corporation, Fitchburg, WI) according to the manufacturer's protocol.
Microscopy and Image Analysis
The samples were examined with Leica DM6000 light microscope connected to a digital camera (DFC420 and DFC365FX; Leica Microsystems, Wetzlar, Germany). ImageJ program (Wayne Rasband, National Institute of Mental Health, Bethesda, MD, USA) was used to calculate the expression of HMGB1. The total number of all cells and HMGB1-positive cells were automatically calculated with ImageJ from three different microscope fields at 400x magnification in the lamina propria of each sample. Subcellular localization of HMGB1 was observed by highlighting the nuclear colocalization of HMGB1 using the colocalization highlighter plugin. Nuclear localization was determined if HMGB1 was only restricted into the nucleus. Cytoplasmic expression was counted by subtracting the nuclear HMGB1-positive cells from total HMGB1-positive cells. The expression of HMGB1 was displayed as a percentage of cytoplasmic and nucleic positive cells from total cells. Caspase-3 expression was calculated per ten CD68 positive cells at 400x magnification.
Statistical Analysis
The data were analyzed statistically using IBM SPSS Statistic 21 software. Paired t-test was used to calculate the mean difference between HMGB1 expression in the cytoplasm and nucleus in each group. Between groups, the mean differences of HMGB1 expression were calculated using the independent t-test and the percentage of caspase-3 in CD68 positive cells using One-way ANOVA followed by post hoc Tukey test. The correlation between age differences was analyzed using a Spearman's correlation. P values less than or equal to 0.05 were considered as statistically significant.
Results
Periodontitis samples infected by Treponema denticola
T. denticola CTLP was detected in tissue samples from periodontitis patients. CTLP positive staining was localized intracellularly in the sulcular epithelium (Figure 1a -c) and was specifically distributed from superficial (upper epithelium layer) to the deeper layer of the epithelium. This typical staining pattern, indicating the invasion and penetration of CTLP, has been shown in earlier studies (Uitto et al, 1995; Marttila et al, 2014) . CTLP could additionally be found extracellularly only in periodontitis samples, being present in subgingival plaque and in granular deposits in lamina propria (Figure 1d-f ).
Caspase-3 and CD68 Increased in Periodontitis
We used a cleaved caspase-3 antibody to specifically identify the active form. Although caspase-3 positive cells were present in gingivitis, their number increased in periodontitis. In gingivitis and periodontitis, caspase-3 was expressed mainly in the cells of lamina propria and to less extent in the sulcular epithelium (Figure 2a ).
CD68 positive cells are professional phagocytic cells which exhibit a high rate and a capacity for phagocytosis and has the main role in apoptotic clearance to avoid the release of DAMPs from apoptotic cells (Zhu et al, 2009; Elliott and Ravichandran 2010; Davidovich et al, 2014) . To investigate the expression of caspase-3 on macrophages, double immunofluorescence staining of caspase-3 in a combination with CD68 as a macrophage marker was used (Figure 2a ). CD68 positive cells were mostly observed in the lamina propria and only a few were detected in the epithelium. CD68 expression in the epithelial cells is possible during infection or after oxidative stress as reported by Travaglione et al (2002) and Tanaka et al (2008) . The percentage of CD68 positive cells that expressed caspase-3 were significantly increased mainly in the lamina propria in periodontitis compared to gingivitis (Figure 2b ). The correlation analyses indicated that there were no significant difference between the percentage of caspase-3 positivity in CD68 positive cells with the age of periodontitis patients (p = 0.986) and gingivitis patients (p = 0.260).
TUNEL Positive Cells Increased in Periodontitis both in Epithelial and Lamina Propria
We confirmed the apoptosis by detecting the presence of cells with death-associated DNA fragmentation in situ by TUNEL labeling (Gamonal et al, 2001) . We found a similar pattern between TUNEL labeling and caspase-3 staining, which confirmed the high level of apoptotic cells found in periodontitis (Figure 2a ). In periodontitis, TUNEL-positive cells were present in oral, sulcular, and junctional areas with the majority in the lamina propria beneath the junctional epithelium ( Supplementary Figure 1) .
HMGB1 is Widely Expressed in Periodontitis
HMGB1 was detected in the nucleus and cytoplasm of cells in the oral epithelium and lamina propria for all samples. In the sulcular epithelium, HMGB1 was mostly expressed in the basal layer and more concentrated in the nucleus in gingivitis and diffused in the cytoplasm in periodontitis samples (Figure 3a ). In the junctional epithelium of periodontitis specimens, HMGB1 was expressed in all layers of the epithelium both in the nucleus and cytoplasm (Supplementary Figure 1) .
In the lamina propria, HMGB1 was expressed in inflammatory infiltrates and fibroblasts (Figure 3a) and to a lesser extent extracellularly. The number of HMGB1 positive cells in the lamina propria was significantly increased in periodontitis compared with gingivitis ( Figure 3b ). HMGB1 expression in the cytoplasm was significantly higher compared to nuclear expression in periodontitis, whereas there was no significant difference in gingivitis. The cytoplasmic expression of HMGB1 in periodontitis was also significantly higher compared to gingivitis (Figure 3c ). The extracellular release of HMGB1 was expressed more in periodontitis than in gingivitis.
TLR4 Expression was Significantly Higher in Periodontitis
In the oral epithelium of gingivitis, TLR4 was more condensed in the basal and suprabasal layer (the epithelial layer between basal and superficial). The staining intensity gradually became weaker in the upper layer ( Figure   4 ). The sulcular epithelium of periodontitis showed a different staining pattern compared with gingivitis. In the oral epithelium of periodontitis samples, all layers expressed TLR4 with almost similar intensity. In the sulcular and junctional epithelium, all layers expressed TLR4 also with similar intensity but the intensity was slightly weaker compared with the oral epithelium ( Supplementary Figure 1) .
In the lamina propria of all groups, many types of cells expressed TLR4, including fibroblasts, endothelial, and some inflammatory cells. TLR4-positive cells greatly increased in periodontitis compared to gingivitis.
To investigate the types of cells that express TLR4, we performed a double immunofluorescence staining technique using TLR4 labeling in combination with a marker for macrophages (CD68), mast cells (MC Tryptase), and T-cells (CD8). TLR4 was expressed by macrophages, rarely by mast cells, and mostly by CD8 T-cells in periodontitis (Figure 4 ).
Proinflammatory Cytokines Increased in Periodontitis
Immunohistochemical staining of IL-8 and IL-1β demonstrates that both were increased in the sulcular epithelium of periodontitis compared with the sulcular epithelium of gingivitis ( Figure 5 ). In gingivitis, the staining intensity of IL-8 and IL-1β in the sulcular epithelium was increased as well as the number of the positive cells in the lamina propria. In periodontitis, the staining of IL-8 and IL-1β was stronger in the junctional compared with the sulcular and oral epithelium, and also in the lamina propria, the number of positive cells were increased as well as the extracellular expression of IL-8 and IL-1β (Supplementary Figure   1 ).
Discussion
Immunohistochemical results of this study confirm that the presence of T. denticola (especially its CTLP), apoptotic cells (especially macrophages), HMGB1, TLR4 (HMGB1 receptor), and proinflammatory cytokines were significantly increased in periodontitis compared to gingivitis. These results support the hypothesis that the inflammatory process mediated by HMGB1, one of the danger signal molecules, might occur in periodontitis.
This study comprises of relatively small sample size, which may limit the general applicability of our results.
Differential age distribution might also affect the results; however, the correlation analyses indicated that the correlation between the age and the calculated apoptotic cells was not statistically significant. The biopsy samples were also carefully selected according to specific criteria followed by the evaluation based on histological findings. Lack of classification of the disease severity in periodontitis might also lead to misinterpretation of the outcome which will more generalize the mechanism in all stages of periodontitis.
The inflammation process observed during periodontitis is initiated by periodontopathogens, most likely by members of the red complex. (T. denticola, Porphyromonas gingivalis, and Tannerella forsythia), which have been strongly associated with the severity of periodontitis (Socransky et al, 1998) . However, endogenous DAMPs or alarmins which are found in several chronic inflammatory diseases may also be involved in the pathogenesis of periodontitis. DAMPs are produced or induced by the cells which undergo apoptosis, necroptosis or necrosis (Shi et al, 2003; Bell et al, 2006; Cullen et al, 2013; Davidovich et al, 2014) .
We showed that all periodontitis tissue samples were infected by T. denticola. Increasing information indicates that infection of tissues by some pathogenic bacteria indeed triggers host cell apoptosis (Zychlinsky and Sansonetti, 1997; Lancellotti et al, 2006) . Although apoptosis has a critical role in eliminating harmful or injured cells during inflammation, infection-induced apoptosis also can promote the proinflammatory process (Zychlinsky and Sansonetti, 1997) . The formation of biofilm and the high amount of the apoptotic cells in the area of the junctional epithelium in periodontitis might occur also from natural turnover and thus could be related to inflammation. So far, even though several research studies have reported that apoptosis is increased in periodontitis and suggested its possible role in promoting inflammation, its effect has not yet been clearly elucidated. Here we brought evidence for a possible connection between apoptosis, DAMPs, and inflammation in periodontitis.
The increase of caspase-3 and TUNEL-positive cells in the periodontitis samples in our study showed that most cells in periodontitis were undergoing apoptosis. The apoptotic cells were predominantly present in the sulcular epithelium and junctional epithelium and in the lamina propria beneath it, in the area where the pathogens are invading into and accumulating in the tissue . Interestingly, apoptosis was also slightly increased in the oral epithelium and the lamina propria beneath it, although the area was further away from the pathogen infected site. This result demonstrates that apoptosis in periodontitis could be induced directly by the pathogens in the sulcular and junctional area and also indirectly by the host immune reaction in the oral area. This could be, at least in part, caused by T. denticola CTLP since it was reported to have a cytopathic effect, which cause apoptosis in epithelial and endothelial cells (Uitto et al, 1995; Bernardini et al, 2010) . The overall high apoptosis in the sub epithelium of lamina propria in this study may show that inflammatory infiltrates and fibroblasts were rapidly going into apoptosis by the influence of pathogens and their products such as proteinases which promote apoptosis in fibroblasts (Pöllänen et al, 2012) . The higher number of apoptotic macrophages in periodontitis might be induced by T. denticola as reported by Jun et al (2017) . The increase of apoptotic macrophages (as professional phagocytes) with the excess of apoptotic cells in periodontitis may lead to failure of efficient clearance of apoptotic cells. The membrane integrity of untreated apoptotic cells will be lost and the cells progress to secondary necrosis, release intracellular content including HMGB1, and induce cytokine production (Green et al, 2009; Elliott and Ravichandran, 2010) . T. denticola-induced macrophage cell death itself will release DAMPs (Jun et al, 2017) and in vice versa, the certain dose of HMGB1 could induce apoptosis in macrophages (Zhu et al, 2009 ). This positive loop will increase the severity of the inflammation as found in several diseases such as chronic lung disease, neuropathy, atherosclerosis, and arthritis (Velegraki et al, 2013; Grabiec and Hussell, 2016) .
Besides necrotic and activated cells, some studies indicate that apoptotic cells could also change nuclear localization and release of HMGB1 (Bell et al, 2006; Abdulahad et al, 2013) . Apoptotic cells lead to active secretion of HMGB1 by macrophages, as do macrophages engulfing apoptotic cells (Qin et al, 2006; Jiang et al, 2007) . In our staining, we observed an increased change in the expression pattern of HMGB1 in periodontitis both in the epithelium and in the lamina propria, and also found some extracellular HMGB1 in periodontitis tissue. The infiltration of inflammatory cells was higher in periodontitis compared to gingivitis and may affect the incidence of apoptotic and HMGB1 + cells, thus increasing the secretion of HMGB1 in periodontitis. Luo et al (2011) also reported the increased release of HMGB1 in gingival crevicular fluid. This may suggest that the increase of apoptotic cells in periodontitis leads to changes in HMGB1 expression through the release of HMGB1 by themselves and also phagocytic clearance of apoptotic cells by macrophages that will be activated to HMGB1 release. The shift of HMGB1 translocation from the nucleus to the cytoplasm and subsequent secretion suggests that HMGB1 is extensively acetylated and phosphorylated (Youn and Shin, 2006) . A minor release of HMGB1 from apoptotic cells will not be recognized as a proinflammatory signal since it undergoes oxidative modification and delivers tolerogenic signals which suppress immune activity (Carta et al, 2009; Sims et al, 2010) .
The expression of one of the HMGB1 receptors, TLR4, was affected in periodontitis epithelium and increased in the lamina propria in a parallel manner to that of HMGB1 expression. Other studies have reported the increase of TLR4 expression with LPS in periodontitis (Mori et al, 2003) . HMGB1-TLR4 signaling in gingival epithelium might stimulate IL-8 secretion as in nasal epithelium (Shimizu et al, 2016) . HMGB1-TLR4 signaling in T-cells has a different effect on cytokine release, proliferation, and Th1 polarization (Messmer et al, 2004; Li et al, 2013; Kang et al, 2014) while in monocytes/macrophages it stimulates the release of several pro-inflammatory cytokines, such as IL-1β, IL-8, and TNFα (Andersson et al, 2000; Yu et al, 2006) .
The increase of IL-1β and IL-8 will also increase the severity of periodontal diseases (Hou et al, 2003) .
Smoking may also affect the production of these inflammatory factors, however the studies related to this aspect are contradictory (Gonçalves et al, 2011) . IL-1β and IL-8 contribute to the recruitment of additional neutrophils, promote Th17 polarization (van de Veerdonk et al, 2011) , and stimulates several other cell types to produce soft tissue catabolic and bone resorptive-mediators which induce tissue destruction in periodontitis (Genco, 1992; Boch et al, 2001) .
This study shows that the presence of periodontopathogen infection in periodontitis was accompanied by higher expression of apoptosis, HMGB1, TLR4, and proinflammatory cytokines compare to gingivitis. We conclude that the periodontopathogen infection may associate with the increase of apoptosis, DAMPs, and inflammation in periodontitis. However, we have to keep in mind that this conclusion is based only on immunohistological data with a relatively small sample size and therefore, further investigations that overcome these study drawback and in vitro studies are needed to trace and clearly elucidate the mechanism of this pathway followed by in vivo intervention trials in animals.
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